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Proceedings: Third International Conference on Case Histories in Geotechnical Engineering, St. Louis, Missouri,
June 1-4, 1993, Paper No. 1.10

Monitoring of Load and Distribution in Long Caissons Under 49 Story
Structure
W. A. Trow, T. Orpwood, R. L. Carrington
Trow Consulting Engineers Ltd., Ontario, Canada

SYNOPSIS
This paper presents the results of settlement and load distribution monitoring carried out during the construction of a 49 storey
condominium supported on long end-bearing caissons socketed into shale bedrock. Four caissons were instrumented to determine
load distribution within the rock socket. One of these caissons also was instrumented to measure actual load reaching the top and
bedrock level of the shaft. As of early March 1992, with the building already topped-off for over 6 months and about 100% of
anticipated dead load applied, the settlement appears to consist entirely of elastic compression of the caisson shafts. Although the
estimated load to the top of the caissons appears to exceed design load by approximately 29 percent, the stress in the rock socket is
computed to be well within design assumptions. About 20 percent of the computed load appears to be absorbed in the 29 m of
overburden.
concerned about the possible differential settlement of a trunk
sewer which emerged from bedrock near the north west end of
the building site and then proceeded over organic soil out to the
lake. It was felt that any permanent lowering of the water
table, might induce additional loading on the organic soil,
thereby causing it to compress under the sewer. The sheet
piling, sealed into the tight cohesive silt, served as a barrier to
inward flow of river water through the beach sand during
construction.

INTRODUCTION
The subject condominium is located on the shore of Lake
Ontario at the mouth of the Humber River in the south east
corner of the City of Etobicoke. It is a twin of an older
condominium constructed in the mid 1970's to the north west
of this location. The bedrock was much higher under the older
building, such that it was possible to support it on footings set
in bedrock at a design bearing stress of 4.8 MPa. This latest
building, however, has been sited over a deep, post glacial
erosion channel in the bedrock, where the bedrock lies between
22.6 and 30.4 m below lake level under the tower. The upper
levels of the bedrock have been variably weathered up to 4.5
min depth.

As a consequence of this sheet pile installation it was
considered that very little permanent water would enter the
basement area and therefore conventional perimeter and
underfloor drainage should suffice to control underfloor
seepage. The underfloor system was to be designed on the
basis of the water flow volume discharged by the temporary
construction dewatering system installed along the inside
perimeter of the sheeting. The. stabilized flow from the system
was measured to be in the order of 70 I. G .P.M. almost 2 years
after the well points had been turned off, the flow into the
underfloor system remains very close to this pumped flow
volume.

An underground parking structure was designed which
underlies the 49 storey tower and extends out from it on the
north and east sides. The lowest parking level extends about
0.7 m below lake level. The east limit of parking comes up to
the dead men supporting the sheet piling already in place along
the west side of the Humber River mouth. The garage
structure was designed to be supported on spread footings
bearing on beach sand or the underlying compressible cohesive
silt using a design bearing stress of 0.19 MPa. The light
foundation pressure was largely compensated by the removal of
soil prior to basement construction.
-

SOIL PROFILE
The site for this building occupies reclaimed land that was
filled, over the last 30 years, but in large part, by the soil
excavated for the first tower about 17 years ago.
The lowest parking level, at EL. 73.7 m, or about 0.7 m below
lake level closely approximates the level of the original beach.
Below the beach sand lies a very thick deposit of stiff organicstained cohesive silt. Some thick sand interbeds or pockets are
present within the cohesive silt. A thin layer of dense gravelly
till is located just above bedrock level. A typical bore log for
this location is shown on Figure 1.

Deep drilled caissons to bedrock were selected as the
foundations for the tower over high capacity end bearing driven
piles on the basis of estimated cost and a requirement to
minimize noise and vibration during construction for the benefit
of the adjacent building residents.
Light interlocking sheet piling was driven around the site
perimeter into the cohesive silt below the beach sand. This
was done in part to satisfy municipal officials who were
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the borings. Consequently, in the south e_ast
s·ector of the site, where the depth of weathenng
appeared greatest, the total design socket depth
was 6 m, whereas in other areas it was reduced to
4.5 m.

so- •..........•.•.•....•......•.•.•.•••••..•.•.. : ..... ..

In an earlier project employing tremied, socketed
caissons completed in the early 1970's, a bond
stress, in the sound Georgian Bay fonnation, of 1
MPa was used for caisson socket design. The load
testing carried out on a socket 84 em diameter and
69 em long was taken to a bond stress of 2.47
MPa and 13 mm strain without failure. No
allowance was made for the weathered rock,
which, in that application, was only about 0.7 m
thick. However, at this site, the thickness of
weathered rock was appreciable and it was
obvious that it, and possibly the overburden,
would provide a substantial measure of pennanent
support for the long, deep, caissons. !~e
detennination of the weathered rock capabxhty
for support of loading was necessary to minimize
caisson costs and to provide a comfort level in the
event that the depth of weathering at any location
was even greater than assumed in the design.

SHALE BEDROCK(~~~~~s~:TION)

-·------·---·---W£ATHERED

SlRINGERS OF' UMESTONE

SOUND

Figure 1

Typical Soil Profile of Boring
Near Deep East Side of Tower

Bedrock of the Ordorvician Georgian Bay
fonnation was encountered at depths below lake
level, under the tower area, ranging from 22.6 m
along the north west to 30.4 m at the south east
This
side adjacent to the river mouth.
predominantly shale bedrock contains interbeds
and stringers of limestone sometimes up to 325
mm thick. The upper levels of the rock have been
variably weathered to depths, - recorded in
borings for the project of up to 4.5 m. These
weathered zones are quite fractured and
penneable as opposed to the very tight low
penneability character of the underlying sound
rock.

To this end, a load test was designed with the
intent of measuring both shaft friction and end
bearing in one test set up. The principles of the
test set up are shown on Figure 2. The set up was
such that the socket resistance of the rock could be
tested first and then the loading reapplied to check
for end-bearing of the inner pipe. Unfortunately
the socket tests could not be taken to failure
because of limits on the reaction components of
the load test. In hindsight, separate tests to
confirm shaft friction and end bearing would have
been more practical and possibly more
economical. In any event, an analysis of the
results indicated safe shaft bond resistances of 576
kPa in the weathered rock and 903 kPa in the
sound rock could be developed. The computed
strain within the bond zones was about 0.7 mm or
much less than required to develop full friction.

APPRAISAL OF CAISSON CAP A CITY
Experience in the Metro Toronto area in the last 2
decades has justified the use of a 7 .4 MPa design
bearing stress on the sound Georgian Bay
bedrock. The use of socketed caissons in
conjunction with end bearing capacity in one
instance resulted in the equivalent end-bearing
stress actually utilized, assuming no socket bond,
of about 16 MPa. Because of the pervious nature
of the weathered bedrock, about 30 m below lake
level, made the use of open, dry hole inspection
and concrete installation for caissons
impractical.and therefore, installation of concrete
by tremie methods was required. It was decided
to design the caissons for socket capacity only.
Short of prior coring at each caisson location, - a
very expensive and time consuming operation, the design decision concerning depth of socketing
into the rock had to be rational and yet adequately
conservative. To this end it was decided that
caissons should be taken 1 1/2 m into sound
bedrock below the weathered depths indicated in
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In the end-bearing test the rock supported a
stabilized pressure of approximately 72 MPa (727
tsf) after penetrating or crushing about 50 mm of
the sound bedrock under higher stresses up to 128
MPa.
The following parameters were chosen for design:
Shaft adhesion

533 kPa in weathered bedrock
1 MPa in sound rock

The decision to use the relatively high adhesion
for the weathered rock was based upon the small
strain developed, as noted above, and the fact that
load had to flow past the weathered rock before
reaching the sound rock, i.e. it had to be fully
stressed.
36
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The caisson reinforcing consisted of 6 - 20 mm
full length rods supplemented generally by 8- 55
mm rods in the sockets. Also considered as part
of the reinforcing was the 9.5 mm thick
permanent liner which extended t? bedrock.
Considering the length of the caissons, the
presence of sand pockets within the cohesive silt
overburden and the granular nature of the till just
above bedrock, it was considered necessary to use
permanent liners a~though they i.ncrea.sed
foundation costs considerably. Two hner sizes
762 and 864 O.D. were used.

24"' . . . . . lJ6•

.........

t"I!Jtl;!lac -=I'"'T"!I"""!""!

........ IJ.Sitc.

The caisson liners were advanced to the rock
surface with a vibrator. It was the intent to
advance the liners well into the weathered
bedrock to effect a seal. However this obviously
did not always occur since repeated cave-ins were
experienced in the socket advances and during the
clean out process. Advancement difficulties past
the hard limestone laye.rs were the cause of
difficulties.
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The 175 mm slump 35 MPa (28 day) tremie
concrete was placed through a 250 mm tremie
pipe. The tremie was poured onto a mat of
styrofoam pebbles floating on the water at the top
of the tremie pipe. The concrete weight on the
styrofoam forced it and the water below to mo~e
down in the pipe and escape at the bottom. This
installation procedure generated a rapid flow of
water at the base of the tremie pipe, held about 45
mm off the bedrock, to flush up any cuttings that
may have settled, thereby increasing the
possibility that the tremie concrete for the caisson
rested on a clean base. Some rounded pebbles in a
till-like matrix, as well as broken rock, recovered
when coring through the selected sections of the
installed concrete, however confirmed the initial
design assumption that air lift clean-out of the
sockets was not complete despite considerable
effort expended to achieve a clean hole right to
the socket base.

II.T.a.

Figure 2

Sketch Illustrating Load Test
Set-Up

No allowance was made for end bearing since
there was no way to confirm that positive end
bearing could be relied upon, considering the
great depth, difficult clean out conditions and
uncertainty of sound rock existing at final depth
regardless of the depth of the· sockets. Based upon
the results of the load test and on numerous
earlier experiences a safe end bearing value of at
least 7.4 MPa was considered to be available.
This provided considerable comfort during actual
construction when it was concluded that the heavy
shaft reinforcing within the socket must sink
through any soft residual cuttings to rest on the
rock. It was computed that this reinforcing,
bearing on sound rock, could potentially support
at least 20% of the design load.

The top of the bedrock was indicated by liner
penetration refusal. The only guide to the contact
level with the sound bedrock was from the
original borings. The only other guide was from
the positive response of the clean-out chopping
tools in the final stages of forming each socket
and from changes in the slight colour of cuttings
from weathered to unweathered rock. A close
comparison of all information was made, in the
installation of each caisson, to determine the final
socket depth. Where significant variations
occurred, which could not be resolved, borings
were put down to check specific rock quality and
depth. This happened in three instances.

A lateral load test conducted near cut off level on
two 726 caissons was used to confirm a safe
lateral resistance of 189 kN or 170% of an
estimated design value. Accompanying lateral
displacements ranged from 8 to 14 mm.
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all caissons. Consequently because of the great
stiffness of the shear walls and foundation slab,
the caissons offered a shared response to load
which could be more or less than anticipated in
design.

Considerable delay was experienced ~n the
penetration of the rock, because caving oc~urred
when the liners were not well seated m the
weathered rock and layers of limestone.were
encountereJ which could not b6 auger drilled.
Chopping l-Jts were used repeatedly. When the
sockets were completed and tremie was insta~led
considerably more concrete than the theoretlCal
volume was required in several instances. In
some cases concrete was noted to enter the open
sockets of adjacent caissons. Corings adjacent to
one caisson revealed 4.7 m of concrete above
bedrock. Considering that the hydrostatic
pressure from the fluid concrete was more than
double the confining hydrostatic pressure
prevailing at socket level, it is obvious that an
outward flow through joints and breaks in the
weathered rock must occur.

Strain in the caissons was measured by concrete
embedment strain gauges installed about 50 mm
from the reinforcing. The gauges were placed at
diametrically opposite positions at any given level.
All plotted results represent the average of the
two gauges except where noted.

Figure 3
Socket Instrumentaria
Caisson 83

I NO 20t.t
liARS

Random low strain integrity tests were done to
check on the continuity of the concrete when
inspection of the contractor's operations
occasionally ~ead to suspicion that the tr~mie pipe
had come out of the concrete. In these mstances
where the integrity tests confirmed an anomaly
there was no practical way to determine whether
the cavity or weak concrete covered the entire
cross section of the caisson. In the instances
where weak concrete was encountered, it was
concluded that its strength augmented by high
strength grout columns was sufficient when
supplemented by the liner and internal reinforcing
steel, to transfer load safely to the sound concrete
below.

APPROX. BEDROCK lEVEL

Difficulty was also experienced during installation
of the instrumentation. The crane disturbed the
reinforcing cage such that repairs to the wirin~
were necessary as the instrument packages were
installed
INSTRUMENTATION OF
FOUNDATIONS
The instrumentation package designed to
determine load distribution along the caisson shaft
and into the rock socket is indicated in Figure 3.
In all 4 instrumented caissons, strain gauges were
installed about 0.5 m and 1.5 metres above the
lowest caisson level, i.e. within the rock socket.
In caisson 83 additional strain gauges were
installed at the top of the rock socket and also just
below the cut· off level of the caisson. The
locations of the four test caissons are shown on
Figure 4. These positions were considered to be
the least intrusive on the construction.

IQREHQL£ JNfORMADQN

BH A

RUBBLE ol< UIIESTONE

SLABS DY£R
SOUND ROCK 43.7
BH 8
ROCK CONTACT 41.8
SOUND ROCK 48.7
·BH C

RUBBLE I< UIIESTONE
SLABS DY£R
SOUND ROCK <45.2
·IH D

CONCRETE FliOII ~41.5
SOUND ROCK .W.B

BHE

UIIESTONE SLABS OYER ROCK

SOUND ROCK 44.3

IH F

ROCK CONTACT 51.3
. SOUND ROCK 48.3

Most of the loading to the caissons is through
shear walls which extend to the full height of the
building and additional sharing of load occurs
through a 450 mm thick reinforced slab that caps
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BH 18
ROCK CONTACT 55.8
SOUND ROCK 55.3
BH 19
ROCK CONTACT 47.2
BH 21
ROCK CONTACT 44.8
SOUND ROCK 44.2
BH 22
ROCK CONTACT 48.4
SOUND ROCK 45.0
BH24
ROCK CONTACT 47.7
SOUND ROCK 48.2
BH 25
ROCK CONTACT 44.1
, SOUND ROCK 40.3
BH 21
ROCK CONTACT 44.0
SOUND ROCK 41.1
BH 27
ROCK CONTACT 44.2
SOUND ROCK 43.4

Figure 4
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Plan of Building Showing
Locations of Test
Caissons

TABLE 2
PERCENT STRAIN RECORDS AND COMPUTATION GUIDE
Caissons
1

Date

o-

900S25
900710
901031
901207
910102
910111
910213
910228
910308
910401
910509
910529
910'702
910716
91on4
911216
920206

27
32

35
39
43
48
49
49
49

920311

2

1

2

0.0
0.0
0.2
1.2
3.2
4.2
5.2
7.4
7.4
8.4
9.4
10.4
9.4
10.4
12.6
13.6
13.6
16.6

0.0
-10.0
-44.8

G••ae

!:!•·
Store:r
2
7
13
15
17
20
22
23

...

15

LeYel

3

4

1

2

0.0
-12.0
-35.8

0.0
-12.0
-10.4

0.0
2.2
2.4
0.6
0.6
-0.4
-0.4
-2.4
-2.4

0.0
·7.0

~-8

~-6

~1.4

~7.8

-54.6
-S8.6
-63.6
-68.6
-69.4
-7$.4
-16.4
·93.4
-107
-111
-130
-139
-142
-144

-47.4
-.52.6
-57.4
-61.4
-63.4
-68.4
-75.2
-81.2
-92.2
-96.2
111.2
-111
-121
-121

-48.6
-49.6
-50.6
-50.6
-52.6
-56.6
-.58.6
-65.6
-67.4
-78.4
-84.4
-86.4
..U.l

117
2

1

~-·

3

1

2

0.0
-1.0
-12.6
-29.1
·32.6
-36.6

0.0
-1.0
-7.1
-16.6
-19.6
-22.6
-25.6
-30.6
-31.6
-38.6
-47.4
-54.4
-61.4
-67.4
-75.4
-10.4
-82.4
-82.4

0.0
-6.8
-8.4
·19.2
-21.2
-32.2
-37.2
-44.2

0.0
-1.0
5.6
-ll.4
-25.4
-30.2
-40.2
-49.2
-50.2
·58.2
-69.2
-73.0
-75.0
-11.0
-16.0
-92.1
-94.8
-94.8

-

--

~5.2

-55.0
-69.0
-10.0
-19.0
-98.0
-IOU
-130.1
-140.1
146.6

1

2

4

-56.6
-68.6
-74.6
-13.6 ~-4
-16.6 ~-4
-18.6 -48.4
-94.6 -56.4
~-4
-6.4 -105.6 -68.4
-8.4 -108.6 -78.4
-1.4 -121.4 -11.4
-10.4 -121.6 -97.4
-11.2 -161.4 114.4
-12.2
126.4
121.4
·11.2
-11.2
-130.4

13

1
3

4

1

0.0
1.2

0.0
-U

....

7.0
-1.0
-5.0
-9.1
-16.1
-17.8
-27.1

-3.2
-10.2
-14.2
-16.2
-17.0
-23.0
-24.0
-32.0

-62.6
-86.6
-102.6
-113.6
-136.6
-148.6
-154.6
-167.6
-191.4
-200.4
-213.4
-211.4
-234.4
-244.4
-245.4
-247.4

.,..

~-6 ~1.8

-52.6
-61.6
-70.6
-14.4
-98.4
-100.2
-99.2

-53.1
-59.1
-67.1
-77.1
-89.6
-95.0
-94.0

0.0

2

4

5

1

0.0

0.0

0.0
·5.1
·32.6
-45.4
-50.4
-55.4
-62.4
-68.4
-69.4
-72.2

0.0
-7.6
-66.0
-93.1
·IOU
-110.6
-122.4
·132.4
-136.4
·149.4
-i".2
·111.0
-207.0
-211.0
-252.1
-273.1
-277.6
-211.6

~.8

-9.6
-15.6
·16.6
-11.6
-23.6
-24.4
-25.4
-32.4
-35.4
~3.4

·59.4
-67.4
-101.4
-114.4
-115.2
-117.2

~-·

-32.6
-47.6
-52.4
-56.4
-63.4
-69.4
-72.4
-79.4
-92.4
-98.2
-111.2
-116.2
-134.2
-146.2
-148.0
-150.0

4

3

2

-lo.l
-85.2
-94..2
-98.2
-IOU
-116.0
-117.0
·119.0

••

I
0.0

-U
-65.0
-81.1
-97.1
-102.6
·115.6
·125.6
-129.6
-140.4
-162.4
·175.4
-201.2
-212.2
-247.0
·2155.1
-271.1
-274.1

0.0
-35.0
-4U
-67.0
-71.1
-89.2
-99.4
-106.4
-103.4
-104.4
-113.6
-117.1
-121.2
-130.2
-131.2
-142.0
-146.4
·146.6

11

. o.o· ·
-41.2
-121.1
-156.6
--171.6
-117.2
-196.2
-209.2
·214.2
-230.2
-28.2
-211.2
-320.4
-336.4
-315.4
-404.4
~-1
~30.0

1 _ , . 101' I[

Load =

Ec x4(J' (A,+~

Loed in tN
~

See Table 4 for filial seleclioll orJ..Qid

'Y I .. " llraia.

s.

Elasdc IIIOdalus or 11ee1 • 206.1 GPa

A.,

N'ct-lel:lioR- o f - in.al.
Sleel-•
.ylewl ,.2.

= u-+6x20
= u-+6x20+8x.5.5
Levci2-For 1.5 .t 117 = 6x 20 + 8x .55
Levci2-For 44 .t 83 .. 6x 20 + 6 x 30+ 112 or ax ss
Levcll-l'or44 .t 83 "6x 20 + 6 X J0
Level 1-For 1.5 .t 117 • 6x 20 + 8x .5S

l.evcl4
Levell

Eo Ellslic IIIOdalalor-. ·-Tillie 3

At

TABLE 1
RECORD OF CONCRETE STRENGTH

In order to interpret the stress and load
distribution, a series of samples of the tremie
concrete were taken at the time of caisson
installation and used for measurement of strength
and elastic modulus.

Ave. Compressive Strength MPa

RESULTS
The results of the concrete testing are given in
Table 1. It can be seen that elastic modulus
increased from about 30 GPa at 28 days to
approximately 40 GPa after 1 year.

91 day

15

51.3

51.3

44

36.7

43.3

46.6

49.6

83

41.4

46.5

52

52.2

117

44.3

6 month

1 year
56.8

65

64.6

35.0

35.3

40.3

44

36.1

35.7

39.8

83

36.7

36.6

40.3

Av. Elastic Modulus GPa
15

117

Third International Conference on Case Histories in Geotechnical Engineering
Missouri University of Science and Technology
http://ICCHGE1984-2013.mst.edu

18 month

28 day

39

33

26.5

40.0

41.2

42.6

The measured percent strain information together
with the standard computation for converting to
load is presented in Table 2 with the uncorrected
determinations of measured pressure in each of
the four caissons. Reference to this table indicates
wide variation in all caissons at level 1 which cast
doubt on the reliability of these lowest level
readings. They may be due to disturbance to the
gauges which were only 1/2 m above the levels
where the tremie concrete escaped rapidly at the
bottom of the tremie pipe. Even though the
gauges were wired to maintain a vertical position,
it is possible that some rotation occurred which
would distort the results.

TABLE 3
SUMMARY OF COMPUTED LOADS AS OF
MARCH 1992 in kN

Caisson
Ec used (G.P.A.)
42.6
Levell

83
39.8

44
40.3

117
40.3

Not reliable . gauges probably disturbed by upward flow of

tremie concrete.

Level 2
Assumed Strain

Relatively good agreement was obtained between
the two gauges in each caisson at level 2, and at
the top of bedrock, level 3, in caisson 83. At
level4, or top of caisson 83, one gauge indicates a
low, obviously incorrect result. The other gauge
provides a more reasonable result since it is
greater than the level 3 result.
Illogical
measurements obtained at some levels may be due
to disturbance to the gauges or from the existence
of locally weak pockets of concrete beside the
gauge.

2358
112(Av.4&5)
136(Av.4&5)

2203
111(Av.4&5)

2694
3034
134 (chose 4)

Level3
Assumed Strain

6272
243 (Av.7&8)

Level4
Assumed Strain

7801
348 (chose I !)

Desjgp !pad kN

6027

6587

6027

6249

Note: All strain versus time curves corrected to zero by projecting back from
the straight
ponion of the curve. (see ·example, Fig. 9)
Check pp Column !.pad jn 83

From settlement survey estimated total strain at 83 & 44 = 10 mm; at 15 &
117 = 9 mm.
Average Load • P-in shaft of caisson 83 down to bedrock or L = 29 m given
by expression:
p = __E_k_A
L

Table 3 outlines corrections applied to the strain
readings.
The correction technique is
demonstrated in Fig. 5.

where
above bedrock

Settlement monitoring of the structure and of
adjacent garage footings began after the building
was up 16 storeys. The final interpreted record
of this monitoring for the caissons is shown on
Fig. 5. This interpretation assumes that the
settlement prior to 16 storeys was at the same
rate. Unfortunately, many reference points were
cut off during construction.

= 8.5 mm, estimated approximate strain in caisson

Solving P = 6890
Assuming Level 3 reading 6272 kN to be correct, then top load = 74 I 0 kN
Depths to bedrock 15,44 and 117

= 27.5,

29.2 and 22.9 m respectively.

Therefore by same reasoning, estimated top loads =
7200, 7350, and 8700 kN very approximately
Note: Total socket depth's caissons 15, 44, 83, 117 = 4.5, 6.2, 6.4, and 4.1
m respectively.

An approximate check on the top load on each
caisson can be made from the measurements of
settlement at the lowest floor level of the tower.
As discussed below and indicated in Table 4, the
estimated total settlement or compression of
caissons 83 and 44 is 10 mm. Both of these
caissons extend about 29 m above bedrock and
each has a 6 m socket. In caissons 15 and 177 the
estimated compression is 9 mm. These latter
caissons, each of which had 4 1/2 m sockets,
extended 27.5 and 22.9 m respectively above
bed:ock. Considering each caisson to be a large
stram gauge, a determination of the top load can
be made, as recorded in Table 3.
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The friction is developed between steel and s?il
which is expected to be less than for a soilconcrete interface.
The approximate load loss in caisson 83 of 4326
kN from the top of bedrock to the assumed top of
sound rock, 1 1/2 m above the base, equates to a
generated average socket resistance of
approximate! y 315 kPa. It will be recalled that
the design bond strengths for the weathered and
sound rock were 538 kPa and 1 MPa respectively.
Penetration into the shale for the socket was
generally done by augering, with chopping
through limestone layers. Considerable chopping
was required in the deep east wing area.
Although the augers and chopping bit should have
given a socket diameter about 50 mm smaller than
the liner diameter, it is expected that the final
diameters may be greater and therefore that the
above bond stresses are on the high side. The
computations were made assuming a socket
diameter of 743 mm, the inside diameter of the
liner.

Figure 5

The socketed caissons installed under the 49
storey condominium tower have performed
adequately when designed for bond resistance
only. The percentage of load reaching the bottom
of the socket has been found to be within design
assumptions of bond resistance.

Plot of Strain Recordings for
Caisson 83 showing correction
procedure used

CONCLUSIONS
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Reference to the computed loads in caisson 83
indicates a load loss in the order of 1530 kN
between the top of the caisson and bedrock level
29.3 m lower down. Assuming that the adhesion
on the shaft increases to a maximum at 75 percent
of the overburden depth and decreases to zero
below this, because of insufficient differential
strain, it can be shown that this load loss results
from an average effective bond friction within the
organic silt with k = 0.25. Assuming an earth
pressure co-efficient, ko = 0.5, the friction
angle corresponding to k = 0.25 is 26.50.
This is lower than one might compute from a
multiple of the earth pressure at rest and the
indicated effective angle of shearing resistance of
36• for the organic silt noted in Fig. 1. Although
the latter value appears to be high for this
material, it is recognized also that the small elastic
strain developed in the compression of the caisson
may not be sufficient to fully develop friction.
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